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GENTLEMEN,&mdash;Of all the various bodies the vapour of
which has been administered by inhalation to produce in-
sensibility to pain during the performance of surgical opera-
tions, ether, chloroform, and ethidene dichloride are those
which have stood their ground best in the estimation of
practitioners. Of these three anaesthetics chloroform has

proved the most dangerous, and ether the least so. Leaving
ethidene aside, I propose to confine my observations to the
effect of inhalation of the vapour of chloroform and of ether
on the blood in the vessels of the lungs, and on the action
of the heart. As data, I take the facts recorded in the

report by the Committee of the British Medical Association,
recently published. And, first, I shall direct your attention
to the phenomena which admit of being observed by direct
inspection of the lungs and heart of frogs anaesthetised with
chloroform and ether. But introductory to this let me

briefly describe to you the phenomena of the pulmonary
circulation in the water-newt and in the frog as observed
under the microscope in the natural state. The lung of the I,
water-newt is of simpler construction even than that of the
frog, but the distribution of the vessels in its walls and the
mode of circulation of the blood in them are similar. [Here
a drawing was shown representing the vessels of the lung of
the water-newt and of the frog, drawn from the life.]
The ramifications of the pulmonary artery occupy an

external stratum of the wall, and the radicles of the pul-
monary vein an internal stratum, while the capillary network
is interposed between the two. Into this capillary network,
occupying the intermediate stratum, the extreme arterial
ramifications open, and from it the venous radicles arise.
In thus opening into the capillary network, the extreme
arterial ramifications subdivide abruptly, whilst by an
equally abrupt union of capillaries the venous radicles have
their origin. Viewing the circulation of the blood in the
lung from the outside, we come, in adjusting the microscope,
first on the streams in the small arteries, then underneath
them, on the streams in the capillary network ; and lastly
underneath the latter, on the streams in the veins. The
streams in all the vessels may, indeed, be seen under the
adjustment for the capillary network; but with an objective
one-eighth of an inch they are seen, each stream most dis-
tinctly, of course, under the adjustment for its own level.
The width of the meshes of the capillary network varies
somewhat according to the degree of distension of the lung
with air. The pulmonary artery has thickish muscular
walls ; but in the course of my observations I never actually
saw constriction of any of its branches occur, as we so often
see in the case of the arteries of the frog’s web. I have,
however, seen arterial ramifications with their calibre
already somewhat constricted here and there, while some
presented their calibre rather wider than that of the trunk
whence they sprang. At the extremity of the pulmonary
sac the termination of the main trunk of the pulmonary
artery was in one case dilated in a varicose manner at three
different points. The pulmonary artery and its branches
are accompanied by a nerve and its branches, in the same
way as are the arteries of the frog’s web. The walls
of the pulmonary veins are not so thick as those of the
arteries. Here and there the calibre of a vein might be seen
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slightly constricted, as if by the contraction of a muscular
coat.
At the commencement of the sittings at which the parti-

culars I have now described were noted I found the flow of
blood in the vessels rapid and uniform. The white cor-

puscles were mingled together with the red in the streams,
but towards the end of a sitting the circulation was obsei ved
to have become slower, and white corpuscles were seen to
settle on the walls of the vessels-both arteries and veins-
in small numbers. None were seen to escape from the
interior by boring through the vascular wall, but I have seen
extravasation by rupture. In an artery leading to clipil-
laries which had become obstructed by congestion and
stagnation of blood-corpuscles in their interior, the blood
thereby arrested in its course was seen to oscillate to and
fro rhythmically with the systole and diastole of the heart.
This oscillating collection of blood, which consisted of a

large proportion of plasma with few red corpuscles, but a
considerable quantity of colourless corpuscles, accumulated
on one side of the vessel, corresponds with those collections
found in the truncated ends of divided arteries, and desig-
nated by the name of "internal clot." 

0

To speak next of the frog’s lung and the phenomena of
the circulation of the blood in it. The frog’s lung repre-
sents a sac on the inside of the wall of which there are
small compartments formed by reduplications of the lining
membrane. Externally the lung is mapped out into poly-
gonal spaces which correspond to the parietal com-

partments, and are bounded by anastomosing bands
composed of fibrous tissue enclosed within the redu-

plications of membrane which form the pulmonary
walls. It is in these polygonal spaces of the pulmonary wall
corresponding to the parietal compartments that we see the
circulation going on in the capillary network. As in the
lung of the water-newt, the arterial ramifications form an
external stratum, and the venous radicles an internal stratum
in the wall of the pulmonary sac, while the capillary net-
work occupies an intermediate place. I have not observed
in the frog’s lung, any more than in that of the newt, con-
striction of the calibre of the arteries take place except in a
slight degree. As in the lung of the water-newt, the flow
of blood in the vessels of the frog’s lung is rapid and uni-
form. The arteries and veins compared with those of the
web of the animal’s hind-foot appear fuller and more dis-
tended with red blood. A point to be particularly remarked
in regard to the pulmonary circulation in both the newt and
the frog is the great sensitiveness of the red corpuscles to
the action of impure air, as manifested by the readiness with
which they become aggregated and stagnant in the capil-
laries. This I long ago showed by blowing carbonic acid
gas on the lung of a frog disposed under a microeope.1
Obstruction of the pulmonary circulation, then, has its origin
in the capillaries by aggregation and stagnation of the red
corpuscles therein under exposure to the action of impure
air.
In coming now to a consideration of the pathological

phenomena which admit of being observed by direct in-
spection of the lungs and heart of anaesthetised frogs, it is
to be premised that, while in mammiferous animals complete
obstruction of the pulmonary circulation necessarily prevents
any further affluence of blood to the left side of the heart,
and thence to the system by the aorta and arteries, affluence
of blood to the system is not necessarily so prevented in
frogs ; the reason being that the heart of the frog has only a
single common ventricle into which the impure blood which
the right auricle receives from the system and the pure
blood which the left auricle receives from the lungs are
poured. The impure and the pure blood thus received into
the common ventricle are, in the natural state, there mingled,
and the mixture is sent by its contraction, some back to the
lungs by the pulmonary artery, and some to the system at
large by the aorta. When the circulation through the lungs
is completely obstructed in an asphyxiated frog, you thus
see that, though no blood can be received from the lungs
into the left auricle, the venous blood which is received
from the system at large by the right auricle can pass there-
from into the common ventricle, from which cavity of the
heart the blood is free to pass off by the aorta to the system,
but cannot be propelled back into the obstructed vessels of
the lungs.
Let us now endeavour to trace the correlations of the

phenomena presented in an experiment on a frog subjected
1 British and Foreign Medical Review for October, 1842.
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to the influence of chloroform, described in the report under
notice, and which was this : The frog being anaesthetised
with chloroform until reflex action was suspended, it was
so disposed that one of its lungs and the web of the right
foot might be observed under a microscope. By means of a
cannula introduced into the glottis, the lung was first in-
flated with pure air, and in this state the circulation in its
walls was seen, on examination under the microscope, to be
active. Air mixed with chloroform vapour was now intro-
duced by artificial respiration through the cannula, where-
upon the flow of blood in the capillary network was seen to
become, first, less rapid, and then to cease. A few seconds
after this the flow of blood in the arteries leading to the
obstructed capillary network, and in the venous radicles
coming from it, was found to have ceased also. This
stoppage of the circulation in the lung I interpret
thus. For want of due aeration of the blood, and perhaps
by a special action of the chloroform also, the red corpuscles
became aggregated and stagnant in the capillaries, so as to
block them up-an effect similar to that produced by the
direct action of carbonic acid gas on the lung of a frog, in
the experiment to which I have before referred. Consequent
on the progressive obstruction of the pulmonary circulation
in the frog under chloroform, the heart no longer received
aerated blood, and the venous blood which the common
ventricle received from the right auricle passed off by the
aorta into the systemic arteries, in which it was, however,
feebly driBen, in consequence of the impaired energy of the
heart, now no longer supplied with pure blood. Soon after
the stoppage of the circulation in the lung, stagnation of
the blood in the capillaries of the web was found to have
taken place. This, I consider, was owing to aggregation of
the red corpuscles of the impure blood, favoured by the
small degree of force with which it was now propelled
through the system.
In continuation of the experiment under notice, artificial

respiration with pure air was next employed, and in the
course of eight minutes’ time the contractions of the ven-
tricle, which had fallen to four, were now increased to nine
a minute. As a result of this increased rapidity of the
heart’s action, the blood, it is stated, was seen to begin to
flow slowly iri the larger vessels of the lung.

’ The real sequence of events in this case must, however, in
my opinion, have been this : Under the influence of the pure
air, the red corpuscles blocking up the capillaries of the lung
by their aggregation, became less tenaciously adherent to
each other and to the walls of the vessels, so that they ad-
mitted of being pushed on by the force of the heart, weak-
ened though it was. Resolution of the congestion of the
corpuscles of the blood in the capillaries thus tending to take
place, the force of the heart proved sufficient to propel the
blood somewhat onwards in the pulmonary artery. In pro-
portion as the circulation in the lung was gradually becom-
ing re-established in this manner, the power of the heart
increased, and so the blood was propelled more and
more freely through the vessels of the lung, and thence
in a pure state to the heart, as well as to the
system generally, until the circulation became fully re-
established, as was found to be the case in twelve minutes
more, at which time the systolic contractions had risen to
fifteen in the minute. The artificial respiration thus did
not operate directly on the heart, but operated first on the
blood stagnant in the capillary network of the lung. Stag-
nation had continued in the capillaries of the web, but now
the circulation was observed to become gradually re-

established there also. This was, no doubt, owing to an
action of the pure blood, which would now be driven on-
wards by the increased force of the heart, and of which the
affluence to the capillaries would be permitted by a con-
current relaxation of the small arteries. The impaired
activity of the heart, I have said, is owing to its not being
supplied with pure blood. But the congestion and stagna-
tion of the corpuscles in the capillaries of the lungs were not
owing to the deficient power of the heart. As the full

power of the heart was incapable of preventing the conges-
tion and stagnation from taking place at the first, so in its
impaired state it was still more incapable of driving on-

wards the blood-corpuscles, which by their aggregation had
come to block up the vessels of the lungs, until by the
access of pure air their adhesion to each other and to the
walls of the capillaries became loosened.
In short, chloroform, when its administration proves fatal

to a patient, appears to operate by first inducing stoppage
of the circulation in the lungs in a manner similar to that

in which carbonic acid gas operates when directly ’ "p-
plied, as I have before stated. Failure of the heart takes
place secondarily, in consequence of the interruption of the
respiratory process ; and, ef course, if the heart be already
morbidly weak, failure of its action will all the more readily
take place for want of the circulation of pure blood in its walls.
From this it would seem a legitimate corollary that arti-

ficial respiration ought to precede the employment of anv
cardiac stimulant in a case of failure of the heart. But let
it be repeated that this state of asphyxia is only gradually
established, and that it is only in proportion to the ob,truc-
tion of the blood in the lungs that failure of the heart’s
action at last takes place, the apparently sudden failure
being the equivalent merely of the proverbial breaking of
the camel’s back by the last feather added to its burden.
The conclusion I have here deduced from the facts befcpe

me as to the occurrence of failure of the heart being sub-
sequent to obstruction of the circulation in the lungs Must
be qualified if the opinion which I shall mention further on
be well founded-viz., that the chloroform, with BB hich the
blood circulating in the coronary vessels in common v.ith
those of the system generally is impregnated, direcdycanses
primary failure of the heart by paralysing its muscular
power independently of any obstruction in the lung".

I next come to the experiment on a frog subjected to tbc-
influence of ether as described in the report. The ei‘lc;t of
ether was similar to that produced by chloroform, but the
administration required to be kept up for a longer 11::’.e
before anaesthesia took place. In the experiment stagnation
of blood-corpuscles was observed first in the capillary net-
work, and after that stoppage of the flow of blood in the
small arteries took place. Pure air being now administered
by artificial respiration in substitution of the ether vapour,
a flow of blood was seen to become re-established in. the
small arteries, and this indication of renewed activity of the
heart, it is stated, was followed by dispersion of the conges-
tion in the capillary network. But here, again, I have no
doubt that, as before remarked in reference to the experi-
ment with chloroform, the aggregation of the red corpuscles
in the capillaries had first become loosened under the inliu-
ence of the pure air. It was not until after the stoppage of
the circulation in the lung that congestion and stagnation
of blood were observed in the vessels of the web. And it was
not until the circulation in the lung became re-established
that the blood again flowed in the web. As was the case in the e
experiment with chloroform, obstruction of the pulmonary
circulation was found to precede any diminution in the
pulsations of the heart. This, again, shows that the
stoppage of the flow of blood in the lung was not owing to
primary impairment of the heart’s action, but that it was
dependent on stagnation of the blood-corpuscles in the
capillaries of the lung, and that this arrestment of the
respiratory process was the cause of the impairment of
the activity of the heart. Though inhalation of t larger
quantity of ether vapour than of chloroform vapour was
required to produce anaesthesia, it was found that respira-
tion with pure air more rapidly led to complete re-establish-
ment of the circulation in the lungs under ether than when
chloroform had been given. This and the fact that the
heart did not become so much affected under ether, would
seem to indicate that the circulation in the lungs did not
become so much obstructed as it did under chloroform. The
continued vigorous action under ether, which the heart is
stated to have maintained, would, indeed, seem to indicate
that in the case under consideration obstruction of the
pulmonary circulation had not only not fully taken place,
but that stimulation of the heart was caused by the ether
which impregnated the blood circulating in its walls.

I now come to consider the effect of chloroform and ether
on dogs and rabbits, as recorded in the report. One of
the most striking effects of anaesthetic agents observed in the
experiments on those animals was engorgement of the verfe
cavae and right cavities of the heart, indicating obstruction to
the passage of blood through the vessels of the lungs. Under
chloroform the respiration was very liable to become thus
arrested, whilst the action of the exposed heart was found to
cease soon after. By artificial respiration with pure air the
action of the heart was resumed; but this was, no doubt,
the effect of commencing re-establishment of the circulation
in the lungs in the manner already contended for in the
case of the frog. Under ether the action of the exposed
heart was not, it is stated, found to be interfered with.
This would indicate, as before observed, that the circulation
in the lungs continued more or less free. In accordance
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with this no engorgement of the veins and right cavities of
the heart is particularly mentioned as having taken place.
No doubt, however, more or less impure blood-impure both
from defective oxygenation and from impregnation with the
ansesthetic&mdash;was during this time circulating through both
lungs and system, so that there existed a moderate degree of
asphyxia. This suggests the question, Is ansesthesia owing
simply to a state of asphyxia, or to a more special action of
the anaesthetic in addition ? As bearing on this question
vou will call to mind the well-known fact that inhalation of
atmospherical air loaded with carbonic acid gas induces a
state of insensibility.

In reference to these and other clinical questions the
opinion of so experienced a practitioner as my colleague
Mr. Clover is of the highest value and authority. He thinks
that a state of anaesthesia may be produced independently
of any obstruction of the circulation in the lungs, and that
anaesthetics have a special action of their own on the nervous
system, though a state of asphyxia may assist the operation
of this action. As to failure of the heart under chloroform,
Mr. Clover is of opinion that it may take place primarily, the
inodies operandi in this case being that the blood, impregnated
with chloroform, in circulating through the substance of the
heart, acts as a poison to its irritability. But he at the
same time allows that the heart’s substance, when as yet
only partially affected by the paralysing influence of the
chloroform, will succumb the more readily if obstruction of
the circulation in the lungs supervenes. When obstruction
in the lungs occurs during the administration of ether, the
action of the heart fails less quickly than under chloroform.
This Mr. Clover attributes to a stimulating action which
the ether, impregnating the blood, exerts on the muscular
substance of the heart.
To conclude, I have not here noticed the subject of the

heart’s force and blood-pressure as indicated by the haemato-
dynamometer in dogs under the influence of an anaesthetic.
My reasons for this are-first, that, practically, it does not
concern us; and, secondly, that from a physiological point
- of view, the indications of the blood-pressure afforded by the
instrument are not, I believe, so trustworthy as has been
commonly supposed. The fact is that the calculations
based on observations of the rise and fall of the column of
mercury in the hasmatodynamometer have been made under
the erroneous impression that the whole force of the heart’s
action bears upon the blood in the tube inserted in the artery
.experimented on, whereas a part only of the force is indicated,
seeing that the principal part of the vis a tergo comes to bear
on the current of blood which is now diverted into arterial
channels nearer the heart. This is shown by the fact pointed
out seventy-five years ago by Dr. J. F. D. Jones, in regard
to the vis a teivo in an artery of some size, on which a
ligature was applied. The stream of blood Dr. Jones found
did not continue to be impelled against the closed extremity
of the artery with the same degree of force as that with
which it was driven in the vessel before it was tied. He
observed that the stream of blood in the artery experimented
on immediately turned aside into the collateral branches of
the vessel higher up. To such a diversion of the vis a tergo
what success has resulted from tying the artery on the distal
side of an aneurism is, I believe, mainly owing. To this I
have to add, that under the microscope we may see in a
small artery leading to obstructed capillaries, or in one
which has been divided, that the current of blood readily
passes off in a collateral branch of the vessel situated higher
up towards the heart. (This is shown in the drawing re-
presenting the "internal clot, in divided arteries of the bat
and frog.) The force of the heart in this case evideutlv
no longer acts strongly on the column of blood which
occupies the artery below the collateral branch by which
the stream passes off. The only indication of pressure
by the vis a tergo here is the oscillation of the
column of blood. This column of blood in an artery
leading to obstructed capillaries, whether of the lung
or weh of the frog, or in the upper segment of a

divided artery, which may be seen oscillating synchronously
with the action of the heart, corresponds, as I before re-
marked, in respect to the nature of the conditions under
which it thus presents itself, to what has been named the
"internal clot" within the ends of divided arteries. It
corresponds also, you will understand, to the column of
blood in the hasmatodycamometer. By the systole of the
heart the column of blood I am speaking of is pressed on,
but progressive motion of it being prevented, the small
amount of force from the heart to which it is subjected is

expended, causing merely some distension of the vessel.
On the supervention of the diastole of the heart a recoil of
the column of blood takes place by the elastic reaction of
the wall of the vessel. In the case of an experiment with
the hsematodynamometer, the rise and fall of the column of
mercury corresponds to this oscillation with distension and
collapse of the vessel.

It is, however, let me repeat, only a small degree of the
force of the heart which is herein exerted. Higher up in
the artery towards the heart, the stream or blood passes off
by some large collateral branch, and it is there that the full
force of the heart’s systole is expended, a degree of force
which is far from being indicated by the haematodyna-
mometer. 
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ON THE NATURE AND SEQUENCE OF THE
CARDIAC AND VASCULAR CHANGES IN

INTERSTITIAL NEPHRITIS.

BY GEORGE JOHNSON, M.D., F.R.S.,
PROFESSOR OF CLINICAL MEDICINE, SENIOR PHYSICIAN TO KING’S

COLLEGE HOSPITAL.

IN a paper on the above subject recently published in THE
LANCET (Feb. 5th and 12th), Dr. Bryan C. Waller does me
the honour to confirm the accuracy of my observations with

regard to the hypertrophy of the middle muscular coat of
the arterioles in the kidney and other tissues in cases of so-
called "interstitial nephritis." It is satisfactory to me to
find so able and industrious an observer as Dr. Waller

amongst the numerous pathologists who, whilst differing as
to the explanation of the phenomenon, admit the fact of a
.genuine muscular hypertrophy in this class of cases. Dr.
Waller goes on to express his dissent from my state-
ment that in the hypertrophied renal arterioles there
is an inner longitudinal as well as an outer circular
layer of muscular fibres. If he will do me the favour to
refer to a paper of mine published in the British .7medical
J ottrnal of May 25th, 1878, he will find that I no longer main-
tain that the inner longitudinal layer of fibres is muscular.
The following is an extract from the paper referred to :-
I I All the characteristic specimens of renal arterioles in the
form of disease under consideration (the small red granular
kidney) show an inner longitudinal and an outer circular
layer of fibres of nearly equal thickness. I formerly sup-
posed that the inner longitudinal as well as the outer circular
layer was muscular; but I am now convinced that the inner
is the thickened elastic coat; and since this thickened inner
layer has precisely the same structural appearance and ar-
rangement as the elastic layer in the larger, but still micro-
scopic, arteries, I cannot but lookupon it as being thickened by
atrue hypertrophy or overgrowth of the normal tissue. And aprobable explanation of the hypertrophy of the elastic inner
tissue of the arterioles is to be found in the need for resisting
the tendency to elongation of the arterioles by the injecting
force of the hypertrophied left ventricle. The tortuosity of
many of the hypertrophied renal arterioles shows that they
have become more or less elongated by the injecting force of
the heart, notwithstanding the increased thickness and
strength of their longitudinal elastic tissue ; and it can

scarcely be doubted that, but for the strengthening of the
elastic coat by this hypertrophic thickening, the elongation
and tortuosity of the arterioles would be much greater than
they are." "
The thickening of the tunica intima in the hypertrophied

renal arterioles is so constant and so uniform in its structural
characters-in this respect differing entirely from syphilitic
or tuberculous, orother undoubted pathological thickenings-
and, as a rule, it bears so constant a relation to the hyper-
trophy of the muscular coat, that I cannot but look upon
both as examples of a true physiological hypertrophy, as
distinguished from an inflammatory or other pathological
thickening. Dr. Waller, while admitting the anatomical
fact of hypertrophy of the muscular walls of the arterioles,
doubts my physiological explanation of the phenomenon,
but has " no feasible exegesis of his own to offer.’’ 

" 

His ex-
planation of the cardiac hypertrophy associated with ad-
vanced uranular kidney is that it is a result of obstruction
caused by "obliterative thickening of the tunica intima " of
the systemic arterioles. With regard to this theory, I would


